ABSTRACT
Introduction
In recent years, there has been a trend towards the use of innovative technologies and modern functional materials developed for reconstructive surgery, as part of special means intended for dental and oral care [1 -4] , as well as in the food industry and as food additives for special purposes. The problem of improving the population ______________________________________________________________ ______________________________________________________________ of the entire post-Soviet space is directly related to the elimination of a deficiency of calcium and phosphorus ions in the body. Currently, the population of virtually all countries of the former USSR, including Ukraine, and the post-Soviet Asian republics, is experiencing an acute shortage of calcium and phosphorus, which normally should come with food or with dietary supplements containing Ca and R. Calcium deficiency in the territory post-Soviet states leads to the fact that annually more than 1 million people fall ill with diseases associated with its lack. Over the past 17 years (since 2000), the total number of cases has exceeded 35 million people. The most catastrophic state of affairs in Russia: it now has 75 % of children suffering from osteopenia and 49 % of children with osteoporosis; and the total number of adults suffering from osteoporosis exceeded 11 million. No less serious is the situation in Ukraine: we have about 7 million people (every 4-th woman over the age of 60) suffering from osteoporosis. The situation will worsen: according to estimates of the International Osteoporosis Foundation, by the year 2050, more than 50 % of the population of Ukraine over the age of 50 will suffer from this disease. The situation with osteoporosis is also aggravated by a shortage in the body of 75 % of Ukraine's adult population of vitamin D. This is also associated with malnutrition and a lack of stay in the sun, especially the older generation.
In addition to the deficiency of Ca and P on the condition of the osteoarticular system of the population of the countries of the former USSR, fluoride in the drinking water of certain regions also has an insufficient content. So, in Ukraine, the content of fluorine in drinking water (depending on the geochemical region) varies widely (from 0 to 3.0 mg/l at a rate of 0.7 -1.2 mg/l). Zero fluorine content is characteristic for a number of regions of Western Ukraine, a lower content for the Odessa region and the Crimea. Dentists fix a catastrophically high level of caries and periodontitis in the population of these areas. At the same time, in Central Ukraine and partly in the East everything corresponds to the norm. In the European countries and the USA this problem is solved by the appointment of tableted fluorine (it is prescribed even to pregnant women) and fluoridated water. But on the territory of the entire post-Soviet space, water has never been fluoridated. In this regard, a significant proportion of the population except osteoporosis is prone to tooth decay and suffers from premature tooth loss.
Today, the attitude to fluoride in the world is ambiguous. But his role in the prevention of tooth decay is undeniable. Therefore, in regions where the fluoride content in drinking water is not sufficient, the use of toothpastes with fluoride is advisable.
More recently, there have been widespread "family" toothpastes. They were hygienic and were intended only for mechanical removal of plaque on the teeth in order to eliminate chelitosis -bad breath. But since absolutely healthy teeth have less than 1 % of the adult population of the post-Soviet space, today such pastes are used extremely rarely and are practically not produced. -for sensitive teeth with desensitizers (Parodontax); -salt (stimulating blood circulation due to the content of mineral salts in its composition, which contribute to the intensification of metabolic processes in the gum, are effective for periodontitis and periodontitis, for example, Pomorin); -therapeutic, for example, LOVE SPLAT Special paste, which protects against a simple herpes virus;
-baby (which should not contain phosphate). In addition to abrasives, various oils (pink petals or nutmeg), sweeteners (imitating, for example, the taste of marshmallow, or tropical fruits), foaming agents are introduced into the paste composition, and enzymes and bleaches are also used in clarifying pastes.
Abrasive-polishing agents account for up to 40 % of the paste volume. Abrasives are powders that purify the tooth enamel from hard dental deposits and plaque [5] . The polishing agent is designed to remove plaque and food debris, forming bacteria colonies from the surface of the teeth. Abrasiveness of toothpaste is the abrasive effect of toothpaste and at the same time the degree of cleansing of the tooth surface from plaque. The degree of abrasiveness is determined not only by the quantity, but also by the quality of the abrasive. The larger the particle size, the more abrasive the toothpaste has. The smaller the particle size, the lower its abrasiveness. The abrasiveness of toothpastes is measured either by profilometry or by determining the "RDA" (Radioactive Dentin Abrasivity). This method was adopted by the American Association of Dentists [6] . It consists in the treatment of tooth paste, the dentin of which is processed by radioactive radiation. After cleaning the tooth, a slurry is formed containing the erased radioactive particles. The more of them, are higher than RDA. But there is no direct correlation between abrasiveness and wear resistance of enamel, as wear depends on a huge number of factors. Differences in the use of pastes with RDA 90 and RDA 204 have not been identified [7] . There are even paradoxical phenomena: for example, the soft toothbrush of a toothbrush is larger and wears out enamel more quickly than hard enamel [8] regardless of the paste used. According to the ISO standard [9] , toothpastes with an RDA < 250 are considered safe for human use throughout ______________________________________________________________ ______________________________________________________________ life. But to date, there have not been recorded any tooth examinations due to abrasion and any other pastes.
In toothpastes of the lowest price category chalk, finely ground mollusk shells, eggshells or white clay (kaolin) are used as abrasives. The main minerals of the abrasives are CaCO 3 or kaolinite Al 2 O 3 2SiO 2 2H 2 O. Silicon dioxide SiO 2 (aerosil) and K 4 P 2 O 7 are used in the technology of manufacturing toothpastes of the highest price category. But since pastes based on them are expensive, small producers still use chalk and soda (NaHCO 3 ). Today, in the technology of manufacturing toothpastes, the most effective substance is titanium dioxide TiO 2 , giving them a white color. Pastes on its basis are the most expensive. In medium price toothpastes aluminosilicates and dicalcium phosphate СаНРО 4 2Н 2 О are used as abrasives. In clarifying toothpastes, in addition to abrasives, bromelain or papain (enzymes) and bleaching components (carbamide peroxide, active oxygen [10] ) are introduced.
The Ukrainian market for oral care products is very hot: the majority of the population uses toothpaste daily. A segment of therapeutic toothpastes is the most promising. Today it is inundated with the products of production of China, Turkey, the USA, Germany and other countries of the European Union. The products of Ukrainian producers are presented mainly in the lowest price category (price range from 12 to 130 UAH per tube of 200 g). As an abrasive filler, it uses white clay (TM "Ecolux"), chalk (CaCO 3 , "Dentogin"), aerosil (SiO 2 , TM "Ecolux"). As compounds of phosphorus pyrophosphates or fluorine salts are used (TPO "Image" of the Bogomolets Medicine University). The use of eggshells (as a source of CaCO 3 ) in mass production is hampered by the absence of melange production facilities in the entire post-Soviet space that could provide the required amount of raw materials. And eggshells available on poultry-incubators, firstly, do not wash, and secondly, it is polluted by the presence of dead unhatched chicks, which makes it completely unsuitable for use in the production of toothpastes. The existing small amounts of waste products of the confectionery shops are not of industrial importance.
In the market of dental and oral care products, the segment of the means for healing tooth enamel detectors, replenishing the deficiency of Ca and P in it, or restoring the structure of the gingival mucosa is not filled. And this despite the significant spread of such damage among the population. Disks or special "pencils" for these purposes with a binder, for example, based on wax, etc., are not available on the market.
Formulation of the problem
Recently, the use of biogenic hydroxylapatite Ca 10 (PO 4 ) 6 (OH) 2 as an abrasive-polishing component of toothpastes began. Hydroxylapatite is more expensive today than fluorides, therefore in products for the mass market it is found only or in the form of more accessible and practically ineffective derivatives or in the form of ingredients of animal origin (de-proteinized bones of pigs or cattle or sea fish ridges). The use of raw materials of animal origin as a source of biogenic Ca 10 (PO 4 ) 6 (OH) 2 is ambiguous because of the possible introduction of various types of infections with animal protein. An ecologically clean and practically safe option is the use of hydroxyapatite, obtained from sea coral by hydrothermal treatment, but this source of raw materials is inaccessible due to limited production volumes.
In this regard, it seems promising to use environmentally friendly synthetic calcium phosphate materials of apatite composition. Ca 10 (PO 4 ) 6 (OH) 2 , is a promising material for the healing of tooth enamel detectors and replenishment of the deficiency of Ca and P, improvement of periodontal structure and for use as an abrasive component of new generation toothpastes. It is not something foreign to the body: both he and his metabolites are always present in the body. It is also characterized by high biocompatibility with living tissues [11] . Ca 10 (PO 4 ) 6 F 2 increases the hardness and stability of tooth enamel in the chemically aggressive environment of the oral cavity and also normally is a part of the tooth enamel.
Synthetic hydroxylapatite and fluorapatite can be obtained in many ways: "solution", hydrothermal, solid phase [11] . Large quantities of Ca 10 (PO 4 ) 6 (OH) 2 , namely, they are referred to in the industrial production of toothpaste, it is more expedient to obtain from solutions. But the use of nitrates for these purposes [12] leads to: a) contamination of the final product; b) the formation of significant amounts of waste in the form of chemically aggressive solutions; c) production of ceramic materials with unsatisfactory properties (due to a number of changing factors, stable reproducibility of the results is difficult).
In connection with this, it is promising to obtain ecologically safe synthetic powders of the composition Ca 10 (PO 4 ) 6 (OH) 2 /Ca 10 (PO 4 ) 6 F 2 , intended for replacing CaCO 3 , SiO 2 , TiO 2 and biogenic hydroxylapatite with "green chemistry".
The study of the action of materials on the mucous membranes is mandatory in the conduct of sanitary toxicological studies of chemicals, preparations and cosmetic materials. This has a certain significance in connection with the diverse nature of the local action of substances when used in various fields of medicine and cosmetology. It should be noted that toothpastes [13] fall between the categories of "remedies" and "cosmetology". For this reason, the requirements for compulsory animal testing are not required.
It is believed that the inside of the adult human toothpaste does not fall. Producers and write on the packaging: "do not swallow". However, children under the age of 6 still do not know how to spit the remnants of toothpaste, in connection with which the drug partially enters the child's body. In this connection, it seems reasonable to conduct a full complex of toxicological and hygienic tests of powders in vivo.
______________________________________________________________ ______________________________________________________________

Purpose and tasks of the research
The purpose of this work is to assess the potential for the use of environmentally friendly Ca 10 (PO 4 ) 6 (OH) 2 and Ca 10 (PO 4 ) 6 F 2 powders obtained by the "green chemistry" methods in dentifrices and as an abrasive filler for therapeutic toothpastes that restore mineral balance of tooth enamel and study of their properties.
To achieve this goal, it was necessary to solve the following tasks:
Synthesize environmentally friendly nanosizefibrous powders of Ca 10 (PO 4 ) 6 (OH) 2 and Ca 10 (PO 4 ) 6 F 2 , to investigate their microstructure and properties; determine the optimal content of components.
Carry out a full complex of toxicological and hygienic tests of the developed materials on warm-blooded animals and determine whether the obtained materials possess gonadotoxic, embryotoxic, cytotoxic, mutagenic, teratogenic effects when they enter the body and exert an irritating effect on the mucous membranes and skin.
Experimental part
The following reagents were used in the work: orthophosphoric acid H 3 PO 4 , CaF 2 , Ca(OH) 2 grades of "chemically pure" and "analytically pure". Ca 10 (PO 4 ) 6 (OH) 2 was obtained from solutions of Ca(OH) 2 and H 3 PO 4 in distilled water by stirring them for 8 hours and holding for 170 hours at room temperature for aging, ensuring that the ratio of Ca ions to phosphate ions in a solution of n(Ca 2+ )/m(PO4 3-) = 1.67. The product was filtered, and the precipitate was dried at 80 °C. To synthesize Ca 10 (PO 4 ) 6 F 2 , Ca 3 (PO 4 ) 2 was pre-synthesized (by three-firing pelletized mixtures at a temperature of 1150 -1250 °C with a holding time of 2 hours and intermediate grinding with a multistage temperature rise at a rate of 120 -150 °C per hour) . Fluorapatite Ca 10 (PO 4 ) 6 F 2 was synthesized from CaF 2 and Ca 3 (PO 4 ) 2 by roasting in the temperature range 1200 -1250 °C with exposure for 3 hours followed by grinding. Then the obtained fluoroupathite was ground in a ball mill to particles of the required size. Ca 10 (PO 4 ) 6 F 2 can also be prepared by coprecipitation from solutions of Ca 10 (NO 3 ) 2 4H 2 O, NH 4 F and (NH 4 ) 2 HPO 4 , taken in the required stoichiometry, followed by heat treatment and grinding [14] . The firing was carried out in a chamber furnace in an air atmosphere in corundum crucibles. The temperature control was carried out with the help thermocouples PPR. To determine the optimum, different proportions of the components were selected.
According to the analysis, the nanocrystalline hydroxyapatite synthesized for use in skeletal surgery is a synthetic analogue of the mineral constituent of bone tissue. It is able to regulate the exchange of calcium and phosphorus in the body. Its main mineral is Ca 10 (PO 4 ) 6 (OH) 2 , according to the chemical analysis the ratio of Ca/P = 1,67. In its structure it is crystalline with a particle size in the nanometer range: from 25 to 50 nm, with a degree of crystallinity of more than 96 %, a mass fraction of calcium of 40.82 % and a mass fraction of phosphorus of 15.8 %. When heat treatment of powders (after aging), a more coarse-grained crystalline structure is formed, the particle size increases to 75 -100 nm.
X-ray phase analysis was carried out on a diffractometer on a DRON-2.0 unit using a standard procedure. X-ray diffraction of samples of preparations showed that all reflections on X-ray patterns correspond to pure Ca 10 (PO 4 ) 6 (OH) 2 and Ca 10 (PO 4 ) 6 (OH) 2 F 2 which were identified by comparison with ASTM data. Chemical interaction between them does not occur and new chemical compounds do not appear. Synthesized hydroxyapatite and fluorapatite practically do not contain impurities of other calcium phosphates (Ca 2 P 2 O 7 , Ca 3 (PO 4 ) 2 etc.), as well as heavy metals.
The microstructure of the resulting materials during their synthesis was examined using a scanning electron microscope Carl Zeiss, Germany. Conducted electron diffraction studies have shown that the so-deposited socalled "amorphous" hydroxyapatite is not so. In the electron diffraction method, the wavelength of the radiation used is about 2 orders of magnitude smaller than that of X-rays, so electron diffraction makes it possible to identify the dispersed phases even when X-ray methods are powerless. And this happens in those cases when the substance under study is X-ray amorphous. Conducted electron diffraction studies indicate that the material consists of dispersed crystals with an imperfect structure. This is indicated by slightly diffuse diffraction rings. It should be noted that in general the nature of the electron diffraction patterns is retained in the preparations after 3, 5 and 7 days of "aging". There is a pronounced tendency to the formation of more precise diffraction rings with increasing aging time, which indicates a certain process of ordering of the structure. After drying at 80 °C, dot reflexes appear in the early solid rings of the electron diffraction patterns. This indicates an increase in crystal size. Point patterns on the electronogram, which represent an enlarged image of the plane of the reciprocal lattice, are obtained from single-crystal samples. The calculation of the obtained electron diffraction patterns gives results that allow uniquely identifying hydroxyapatite. The investigated amorphous hydroxyapatite due to its very developed surface is in very active form. This is evidenced by the ratio of this material to the effects of electron radiation. The process of crystallization of this material is well traced: as a result of the action of the electron beam and an increase in the current density of the beam, spontaneous crystallization begins, which in electron micrographs is manifested in the form of condensation and fusion of the finest plates. After this, acute point reflexes appear on the microelectronogram of this region.
A significant influence of the synthesis temperature, the concentration of the initial substances, the pH of the solution, the duration of the process, the order and rate of mixing, the aging time on the morphology (from needle to spherical) of the crystallizing powder particles is established. This makes it possible to synthesize powders ______________________________________________________________ ______________________________________________________________ with a given specific surface, size and agglomeration of the crystals, morphology, and stoichiometry. Adjusting the particle size of the filler provides the possibility of obtaining the final product (toothpaste) of ordinary or increased abrasiveness. So when using powders with particles of a nanoscale range (from 50 nm) and a degree of crystallinity of more than 96 %, their abrasivity will be in the lower and middle range of values. When the size of the powder particles from the nanoscale range comes out, the abrasivity of the final material will approach the maximum values.
The developed materials passed a full complex of toxicological and hygienic tests on warm-blooded animals. A preliminary assessment of the degree of toxicity of the studied materials was carried out on transplantable cell cultures of the He-2 and Vero line according to Wesley D. [15] , as well as using human live cells (buccal cells) to change the bioelectrical potential of the cell nucleus by V. G. Shakhbazov. [16] .
The quantitative side of oxidation-reduction processes when introducing the developed powders was judged from the dynamics of activity of the enzymes of the experimental animals. The activity of enzymes was determined by conventional methods using a Specord twobeam spectrofluorimeter (Germany).
Many substances can lead to the accumulation of toxic products. Molecules of fatty acids and one of the final products, malonic dialdehyde, were determined as intermediate products of lipid peroxidation.
The study of lipid peroxidation by means of biochemiluminescence was performed on a medical biochemiluminometer BHLMC-1 both in dynamics and at the end of subacute experience. Super-weak luminescence was recorded in the blood and urine of white rats.
Changes in the content of microelements in organs and tissues with the introduction of the developed materials were determined by the atomic absorption method on a Saturn-1 spectrophotometer. The content of Ca, P, F, Mg, Cu was studied. Zn, Fe, K, Na in the blood, liver, kidneys, heart, spleen, brain and adrenal glands of experimental animals.
Many chemical mutagens are capable of interfering with the synthesis of protein, RNA and DNA. The study of the effect of the materials studied on these processes was carried out on the cells of a Vero culture (a renal epithelium of a green monkey).
It was found that the synthesized materials refer to low-toxic, low-risk substances with poorly expressed cumulative properties. They do not possess skin-resorptive properties and do not irritate the skin and mucous membranes, nor do they have gonadotoxic, embryotoxic, cytotoxic, mutagenic and teratogenic effects.
The conducted researches show that the synthesized crystalline powders of apatite composition can be used both as abrasive components in toothpastes, including children's ones, and as basic inorganic fillers of means for healing tooth enamel detections, replenishing the deficiency of Ca and P in it, or restoring structures of the gingival mucosa. They not only do not have toxic effects on the body, but they are not (in contrast to TiO 2 or SiO 2 ) foreign to it, as they themselves, and the products of their decomposition are always present in the body. This will allow the production of new generation toothpastes and a higher level of cleaning and protection of tooth enamel among the population that will use it.
Conclusions
Eco-friendly powders of Ca 10 (PO 4 ) 6 (OH) 2 and Ca 10 (PO 4 ) 6 F 2 were obtained using the classical "solution" method of "green chemistry" using chemically pure reagents.
It was found that the administration of 3 to 7 % Ca 10 (PO 4 ) 6 F 2 improves the stability of the material in contact with the chemically aggressive environment of the body (due to F -ions). The optimal content of fluorapatite in powder (5,5 mass. %) was determined.
A full complex of toxicological and hygienic tests of the developed materials on warm-blooded animals was carried out. It is established that they belong to low-toxic, low-risk substances with slightly pronounced cumulative properties. They do not possess gonadotoxic, embryotoxic cytotoxic, mutagenic and teratogenic effects, they do not irritate mucous membranes and skin, nor do they possess skin-resorptive properties. The developed materials are potentially promising for use as abrasive-polishing components of toothpastes, including children's ones, as the main inorganic fillers for the healing of tooth enamel detectors, for the deficiency of Ca and P in it, or for restoring the structure of the gingival mucosa.
